The empirical verification of one-factor and multifactor asset pricing models attempts to identify the risk factors that should be used by investors to value risky cash flows and tries to distinguish models which are able to estimate expected returns without misspecification. In this paper we evaluate different model specifications for European stock market data for the period 1979-1998 and for three subperiods of different interest rate regimes. More specifically an exact factor pricing test is used to evaluate a one-factor model and several multifactor models on European country, sector and size portfolios. We find indications that European country portfolios are accurately described by a one-factor model while for the other portfolio groupings more factors are required. The factor based on the momentum variable seems to be a better extension of the market model than the factor based on book -to-market. The multivariate tests indicate that the evaluation of the models differs across the subperiods. The power of the tests is investigated for a risk -based and a non-risk-based alternative hypothesis. The risk -based alternative using a broader formulation of the wealth portfolio produces satisfactory power. For the non -risk-based alternative the power is somewhat lower for European stock portfolios.
Introduction
The validation of asset pricing models has been widely studied over the past 30 years. An important step in the empirical testing of the CAPM was the Roll (1977) critique. He argued that the stock market index may not be an accurate description of the total wealth portfolio. A second landmark was the development of the testing design proposed by Fama and MacBeth (1973) who suggested a two-pass estimation method to avoid the errors-in-variable problem. Gibbons (1982) proposed a direct test of the CAPM to avoid this errors-in-variable problem using maximum likelihood estimation. All these tests are designed to validate the mean-variance efficiency of the market portfolio. In addition to the development of the arbitrage pricing theory (Ross, 1976) , a broad set of extensions of the one-factor model has been investigated (Basu, 1977 ; Banz, 1981 ; Chen et al., 1986) . As a consequence, the testing environment of asset pricing models has been extended to multifactor models (MacKinlay, 1987 ; Gibbons et al. 1989, henceforth GRS) . In the debate following the empirical finding of market anomalies and the assessment of the power of the suggested tests, two sets of alternative theories have been forwarded, called risk-based and non-risk-based alternatives (Campbell et al., 1997) . The first set of alternatives acknowledges that there may be omitted or unobservable risk factors (Roll, 1977) . The non-risk-based alternatives try to capture market inefficiencies and mention the possibility of a data-snooping bias (Lo and MacKinlay, 1990) .
In this study we focus on testing the exact factor pricing properties of one-factor and multifactor models for a dataset of European stocks using a multivariate test rather than some well-known univariate tests (as in Fama and MacBeth, 1973) . Previous research has pointed out a number of important issues and caveats associated with this multivariate testing environment (GRS, 1989; MacKinlay, 1987; Affleck-Graves and McDonald, 1990) . This paper tries to deal with some of these issues in the evaluation of exact factor pricing in a European setting. The identification of models implying exact factor pricing is important because of their use in the calculation of the firm's cost of equity as well as for asset allocation purposes. Using models yielding inexact factor pricing can lead to misspecification of expected returns, which could have a large impact both on the estimation of the cost of equity and the investment strategies derived from an optimization procedure using these expected returns as an input. Roll (1977 and 1978) concluded that the test of the one-factor market model is possibly not a genuine test of the CAPM because proxies for the stock market portfolio may fail to capture the true market portfolio. Recent research indicates that the misspecification of total wealth may cause biases in the description of the cross-section of stock returns. Inclusion of labor income next to capital income improves the results for the U.S. data (Jagannathan and Wang, 1996) . Second, individual stocks are often grouped in portfolios to reduce measurement errors.
However, the regrouping of the sample may influence the power of the tests (Roll , 1977) .
Moreover, Lo and MacKinlay (1990) argue that portfolio formation based on a characteristic that arises from historical observations instead of theory could lead to data snooping. A survey of results on these issues is provided by Campbell et al. (1997) who show the exact factor pricing test results for different portfolio characteristics such as market value, dividend yield, and variance. It is, however, difficult to draw firm conclusions from these results. Fama and French (1998, henceforth FF98) present results for stock portfolios in fifteen countries, but they only report findings for portfolios based on specific characteristics such as book-to -market, which makes it difficult to assess what the possible size of the data snooping bias is. They find that a two factor model (market portfolio and book-to -market ratio) has the best performance in terms of exact factor pricing. This paper deals with both the definition of the market portfolio and the data snooping bias.
First, the CAPM test is performed using a market-capitalization-weighted portfolio of all stocks in the sample. All tests are also repeated for an equally weighted market portfo lio. We investigate the value added of using an alternative wealth portfolio by including labor income and the return on real estate investments, next to stock market returns. Second, the use of a previously unused dataset should allow to investigate the possibly disturbing impact of data snooping biases (see Lo and MacKinlay, 1999) . In order to consider the possible data snooping that may arise when characteristics are used that were previously found to have explanatory power, we group the 2427 European stocks in three different portfolios: country portfolios, sector portfolios and size portfolios. This particular choice is made because asset allocation, as it is practiced by institutional investors, has been and is still widely being conducted using a country-based or sector-based evaluation of the universe of investable stocks. We also analyze size portfolios because it gives the opportunity to compare our findings with previous studies. Moreover, we try to avoid a selection bias by including non-surviving stocks.
A third issue in exact factor pricing analyses is the power of the performed tests. MacKinlay (1987) acknowledges that little attention has been devoted to this issue. GRS (1989) and AffleckGraves and McDonald (1990) point out different possibilities for the formulation of the alternative hypothesis. The evaluation of the tests using different alternatives turns out to differ substantially (MacKinlay, 1987 , Campbell et al., 1997 . Campbell et al. (1997) classify a wide range of alternative hypotheses in two groups : risk-based (omitted risk factors) and non-risk-based (market inefficiencies). MacKinlay (1987) reports that alternative assumptions about the risk-free return and the existence of a second factor next to the market return are not sufficient to explain the deviations from exact factor pricing. He also reports that non-risk-based alternative hypotheses seems to explain these deviations in a better way. A final issue we consider in this study is the stationarity assumption (MacKinlay, 1987 ; GRS, 1989; Affleck-Graves and McDonald, 1990 ) . The GRS-test requires stationarity of the excess returns in order to use an estimate of the variance-covariance matrix, and thus limits the number of time periods. We look at the 20-year window of monthly observations and three subperiods of 5 years of monthly data associated with different interest rate regimes.
The rest of the paper is organized as follows. Section 2 describes the European dataset. Section 3 presents the asset pricing equations in an international framework, develops the mutivariate tests used to evaluate exact factor pricing and discusses the main results. Section 4 deals with the power of the suggested tests. Section 5 contains a number of conclusions and suggestions for future research.
The data : European stocks
The dataset consists of 2459 individual European stocks, aggregated into country portfolios, sector portfolios, and size portfolios (appendix 1 explains the construction of the portfolios). We collected a basic sample containing all European stocks representing at least 80% of the market capitalization in each of 17 European countries at the last trading day of December 1998. We augmented this sample with the stocks that were delisted prior to December 1998. Common reaso ns for delisting are merger, acquisition and failure. The 80% market capitalization threshold is also used for the dead stocks. From this initial list, preferred stocks were deleted for those companies with both listed ordinary and preferred shares, as wel l as stocks listed on a stock exchange outside their home country 1 . For the remaining 2427 stocks, we retrieved the monthly returns from January 1979 until December 1998 from Datastream. This dataset is composed of 2070 stocks listed in December 1998 and 357 dead stocks. The inclusion of a subsample of dead stocks is intended to reduce the survivorship bias. Return series are calculated as the relative changes in the return index on a monthly basis. All return series are checked for deviations from normality using quantile-quantile plots. The monthly returns cover the period January 1979 to December 1998, but the number of stocks in the sample is different every month because a number of stocks were listed later than January 1979, while others were delisted prior to December 1998.
All returns are expressed both in Deutschmark (DEM) and in synthetic Euro. The synthetic Euro is calculated for the period before the start of the EMU as a GDP-weighted average of the constituent currencies. For the analysis in Euro, the risk-free rate is calculated in a similar way.
The risk free rate used in the analysis based on returns expressed in DEM is the monthly return on three-month German treasury bills. The use of two currencies allows us to investigate whether the currency of denomination influences the results. In this paper, we use the DEM because it can be considered to have played the role of anchor currency for the countries that are now part of the Eurozone, but also, e.g., Switzerland. It moreover implies that the portfolios used to perform the tests are investable, not only for German investors, but also for the investors in the countries whose currencies were linked to the DEM in the setting of the European exchange rate mechanism (ERM) 2 . The implicit assumption underlying the analysis based on returns in synthetic Euro is that the portfolios are investable by investors from the Eurozone, which is probably less realistic because it would have required extensive use of hedging techniques in the early stages of the ERM. A final reason to perform the tests for both currencies is that if the test results are found to be comparable for the DEM and the synthetic Euro series, this would imply that the conclusions will probably be relevant for future investment decisions in European stocks, which, from 1999 onwards, are all expressed in Euro.
We present a number of descriptive statistics related to the return characteristics of the different regroupings of individual stocks. Table 1 shows the difference in relative weights (in %) for the three types of stock portfolios (country, sector and size). The full names of all portfolios are listed in appendix 1. The weights are reported at three points in time : 1979, 1988 and 1998 . The number of country portfolios is 12 because there were fully available samples for 12 countries, while 5 out of the 17 countries only have a small number of stocks at the starting date of the sample and are therefore excluded for reasons of stability. The number of sectors is 14, based on an industry regrouping using Financial Times indices and STOXX regroupings of industries into sectors. The actual regrouping used in the paper is explained in appendix 2. The number of size portfolios is chosen to be 13 in order to obtain comparable critical F-values (choice of degrees of freedom in the neighbourhood of the other tests) for the exact factor pricing tests. As table 1 indicates, by construction, there is a large difference in capitalization across the size portfolios, while this is less the case for country and sector portfolios. Within the country portfolios, the UK has the largest capitalization, followed by Germany and France. The largest sector portfolios are banking, insurance and cyclical services. Also by construction, the size portfolios contain an equal number of stocks, while this is not the case for country and sector portfolios. Table 1 reveals that among the country portfolios, the largest changes in market capitalization are observed for France, Italy (both upwards) and Germany (downwards). In the sector portfolios, the growing sectors in terms of market capitalization are pharmaceuticals, banks, insurance, utilities and especially telecom. A downward trend is observable, e.g., for resources and chemicals, and most pronounced for cyclical consumer goods. The weights of the size portfolios are more stable over time.
[ Table 1 ] Table 2 presents the first two moments of the time series (of 240 monthly returns) for all types of portfolios expressed in DEM and synthetic Euro. The magnitude of both the expected returns and the standard deviations for the different portfolios is comparable for the two currencies of denomination. From table 2 it is clear that the dispersion of the returns is more or less similar for the three types of portfolios of European stocks. The dispersion of risk is somewhat larger for country and sector portfolios than for size portfolios. This could indicate that the underlying characteristics of the country and sector portfolios are more diverse than those of the size portfolios. Of the country portfolios, Italy, Sweden and Norway are the most volatile ones. Also notable is that the country portfolios exhibit a size-related effect. For some countries, the marketcap weighted return is higher than the equally weighted return (e.g., Ireland, Switzerland) while for most other countries the reverse is true. Return volatilities are more comparable across sectors. Again, a mixed size effect can be observed for sector portfolios. Marketcap weighted returns are higher than equally wieghted returns for some sectors (resources, cyclical consumer goods, pharmaceuticals) and lower for others. The volatility of returns is comparable across size portfolios.
The incidence of the size effect (Banz, 1981) in European stock returns is ambiguous. If any effect can be detected in the lower panel of table 2, it seems to be restricted to the relatively small stocks. The post-formation returns of the size portfolios decrease from S1 to S8, where the lowest return is recorded for the market-capitalization weighted returns expressed in DEM. The portfolio of very large stocks (S13, which represents approximately 55% of the total market capitalization), however, exhibits a higher return than the 7 preceding size-ranked portfolios. Fama and French (1992) performed a two-way sorting of their sample of assets with size as the first sorting variable and the book-to-market ratio as the second. They find that the postformation returns are not linear with respect to size and that the size effect can largely be explained by differences in market risk, the smallest size portfolios exhibiting the largest market beta and vice versa. Moreover, they conclude that the book-to-market effect dominates any size effect. The evidence in table 2 suggests that the size effect is disappearing in European stock markets, which would confirm US studies (see Jegadeesh and Titman, 1999) . Looking at the stationarity of the book-to-market factor and the momentum factor (described below) and the small minus big size spread (as the difference between the small stock portfolio and the large cap portfolio, appendix 1) we observe that for the last 5 years of the data the size spread is insignificant (0.08 for DEM), again confirming the US findings. Consequently, we will not include the monthly size-related return spread (the 'small minus big' factor in FF) as an explanatory variable in the multifactor models. Instead, when we examine the ability of a multifactor model to describe the behavior of European stock returns we prefer to include momentum as an additional factor, next to the market and the book-to-market factors. The motivation is that Jegadeesh and Titman (1999) document that the empirical findings strongly support the existence of a momentum effect which persists in the 1990s in the US stock markets.
The same is found by Rouwenhorst (1998) for European data.
[ Table 2 ] Hence, we use combinations of three possible factor portfolios in our empirical investigation.
The first factor is a long position in the marketcap-weighted average of all stocks relative to a short position in a risk free investment. This factor is the CAPM market factor (M -F). Table 3 shows that the market portfolio expressed in synthetic Euro has a higher average return than the portfolio in DEM. The estimated market premium, however, is comparable for the two currencies. The second factor is the BTM factor made popular by Fama and French (1992 . The book value of a company is defined as the value of equity capital plus reserves minus total intangibles 3 . The return differential consists of a long position in the 30% highest BTM stocks minus a short position in the 30% lowest BTM stocks (HML, as in Fama and French, 1996) . All available stocks in December of the year t-1 are ranked according to their BTM value at the last trading day of December t-1. In most studies the subsequent return analysis covers the period July t to June t+1 in order to ensure that reported book values are known by investors.
However, we prefer to perform the return analysis for the period January to December of year t because this treatment increases the number of stocks included in the estimations, especially in the beginning of the sample period. A value-weighted monthly HML return is calculated for the 12 months of year t 4 . Starting the first ranking in December 1978 and ending the ranking in December 1997 produces a time series of monthly returns from January 1979 until December 1998, both for the synthetic Euro and the DEM sample.
The third factor portfolio is based on the indiv idual stock's momentum Titman, 1993 and 1999) . The factor LMOM is calculated as the return differential of a long position in the 25% stocks with the lowest six-month trailing return ('losers') minus a short position in the portfolio containing 25% of the stocks with the highest previous six-month performance ('winners') 5 . All stocks with data available from t-6 months to t-1 month are ranked at the end of t-1 (as in Jegadeesh and Titman, 1993 , 1999 and Rouwenhorst, 1998 . The parameter used to perform the ranking is the 6-month local momentum, which is the six-month cumulative stock return minus the six month home market return. The momentum portfolio rebalancing is performed on a monthly basis and the return differential is calculated as a difference between two equally weighted portfolios. Table 3 shows the averages and standard deviations for the three factors. The return premia associated with the factors is similar for DEM and Euro. Since the cross-correlations between the factors are relatively low, they are assumed not to cause any estimation problems.
[ Table 3] 3 Since we use book -to-market ratios of companies headquartered in different countries, differences in accounting standards could influence the rankings. For that reason, we re-rank all stocks after substracting the mean BTM ratio of their home country. We find that the average rank correlation between the original series and the deviations from the country mean is 0.9001 (with a low of .7779 and a high of .9636), indicating that difference in accounting standards should not have a large impact on the calculation of the BTM portfolios (see also Lewellen, 1999) . 4 We checked the robustness of the results for this treatment by comparing the estimation results for the common method of calculation (BTM ranking in December t-1 and returns from July t to June t+1) and our approach (BTM ranking in December t-1 and returns from January to December of year t). In the 39 DEM regressions for the two-factor model including HML, the alphas were indistinguishable and the average correlation of the residuals of the regressions is 0.9903. (tables are available at request). This supports the hypothesis that book values are well knows to stock analysts. Moreover, it is consistent with the finding by Fama and French (1995) that BTM ratios exhibit a high degree of persistence over time. 5 As in Rouwenhorst (1998) we use quartile instead of decile portfolios in order to ensure that the portfolios contain a sufficient number of stocks, especially in the beginning of the sample period.
The pricing framework
The main focus of this paper is to test the relative efficiency of the following asset pricing kernels in a European setting : an international CAPM, a two-factor ICAPM and a three-factor ICAPM.
Although there is some evidence that exchange rate risk is priced (Dumas and Solnik, 1995) , it is a reasonable assumption that the exchange risk is negligible in stock returns across the Eurozone.
Moreover, there is empirical evidence that factor loadings on international risk factors may vary through time (Ferson and Harvey, 1993) . In order to restrict the dimensions of the pricing models, we assume the absence of time-variation in both the factor loadings and the risk premia.
For the three types of portfolios the performance of the pricing models is evaluated by means of the Gibbons-Ross-Shanken (GRS 1989) multivariate test. A pricing model should be able to model the dynamics of any stock or portfolio return, but the overview in Campbell et al. (1997, p.241) indicates that this is not always the case. Hence, we test the accuracy of different pricing models on three kinds of portfolio regroupings.
The ICAPM
When testing the international CAPM, the stock returns are explained by their exposure to a global market portfolio. The global market portfolio used here is the market-capitalization weighted portfolio of all stocks in the sample listed at the beginning of the month as well as at the end of the month in which the return is calculated. We estimate the sensitivity of the excess portfolio return (R-F) to the excess return of the market index (M-F), as expressed by equation 3.1.1.
To test whether this pricing equation accurately describes the cross-section of the returns of the three types of portfolios, we test whether the vector of ? 's is multivariate zero. The multivariate test is described in appendix 3 The test statistic J (equation 3.1.2) has a central F-distribution with degrees of freedom N and T-N-k under the null hypothesis (see GRS, 1989 ; MacKinlay, 1987 ; Affleck-Graves and Mc Donald, 1990 and Campbell et al., 1997) . The test statistic in 3.1.2 is a generalization for multifactor models. In this test, T is the number of periods of the time series The interpretation is that the test statistic J evaluates exact factor pricing by comparing the squared Sharpe ratio of the portfolio of risk factors (sr m ) with that of the tangency portfolio (sr t ).
The alternative hypothesis assumes that the portfolio of factors is not the tangency portfolio. In 
country portfolios, table 4a shows that the alphas are small and always insignificant. For sector portfolios (table 4b), the alphas are small, although significant for the basic materials and technology stocks. In the case of size portfolios (table 4c) we notice that there is a pattern both in the size and the significance of the estimated constants. The smallest size portfolios (S1, S2 and S3) exhibit a positive and significant alpha. The one but last portfolio (S12) has a significantly negative alpha. The pattern in the alphas coincides with the previously mentioned size effect (see table 2 ).
[ Tables 4a,b,c] Since the estimated alphas cannot be used to assess the exact factor pricing abilities of the tested pricing equations in a multivariate setting, we report the GRS J-statistics. All estimations and calculations are done for the entire period (20 years of monthly data) as well as for three subperiods. We selected three five-year subperiods corresponding with a different interest rate regime. Previous empirical work has documented that asset pricing models behave differently in varying monetary, and hence interest rate, regimes (Jensen et al, 1996) . Consequently, we perform all tests for the entire sample period and (1) a period of stable risk-free rates (1983 :01 to 1987 :12), (2) a period of rising interest rates (1988 :01 to 1992 :12), and (3) a period of decreasing interest rates in the run-up to EMU (1994 EMU ( :01 to 1998 ; in each subperiod T=60 months. A graphical justification for the choice of these three subperiods is given in appendix 4 where both the short term interest rate for the DEM and the synthetic Euro are displayed. Table 5 reports the results of the exact factor pricing tests for the country, sector and size portfolios and both currencies of denomination. The GRS-statistic ? is the estimated noncentrality parameter for the one-factor market model. The F-statistic and its associated p-value are calculated from equation 3.1.2. For country portfolios the ICAPM appears to provide an accurate description of the pricing dynamics. The non-centrality parameter for country portfolio is not statistically different from zero in the full sample and the three subperiods, irrespective of the currency of denomination. All p-values for the F-test are much larger than 5%. This implies that the null hypothesis of a multivariate zero alpha vector cannot be rejected and that a onefactor European market model captures the pricing of country stock portfolios. The calculated confidence interval of the estimated alphas for country portfolios ranges from -29 basis points to 39 basis points. By contrast, for sector portfolios the null hypothesis of a zero ? -vector is rejected for the full sample period (p -values for the F-test of 0.3% for the returns expressed in a relevant model for the pricing of European sector portfo lios. However, when the subperiods of different interest rate regimes are considered, the p-values are generally higher and do not allow strong inferences about exact factor pricing. The p-values are lowest in the period of rising interest rates (around 10%) and highest in the period of stable interest rates (maximum value of 31.5% for returns expressed in DEM). The strongest indication of non-acceptance of exact factor pricing based on the ICAPM is found for the size portfolios. The p-values are below 5% for the full sample period and for the subperiods of rising and decreasing interest rates. A rejection is not appropriate only for the subperiod characterized by a stable risk-free rate (p -values of 13.3% for the DEM and 18.2% for the synthetic euro). For both the sector and size portfolio, the confidence interval for the ? -vector ranges from -50 to 50 basis points.
[ Table 5 ]
Multifactor models
The ICAPM can be augmented by assuming that the fraction of the portfolio returns which is not captured by the global market portfolio is priced by additional global multifactor minimumvariance (MMV) portfolios (Fama and French, 1996) . Similarly, the generalized CAPM initiated by Merton (1973) suggests that investors are concerned about state variable risk next to the mean and variance of their portfolio returns. Following French (1996 and 1998 ) the return differentials on two MMV portfolios are added to equation 3.1.1 in order to explain the expected portfolio returns. The construction of the long -short strategy of return differences for the two additional factors (book-to-market and local momentum) was described in section 2. All assets in the European sample are ranked according to the relevant parameter (BTM and LMOM). As in Fama and French (1996) we assume that the low BTM, the high BTM, the local losers and the local winners portfolios are MMV. A combination of the one-factor market model and the two additional mimicking factor portfolios leads to the construction of the models described in equations 3.2.1, 3.2.2 and 3.2.3. The testable hypothesis is that the vectors of estimated intercepts is zero. The correlations between the three factor portfolios (table 3) is relatively low, hence we expect that their combination causes no particular estimatio n problems.
The right hand panels of tables 4a, 4b and 4c show the estimation results for the three augmented equations. For country portfolios (table 4a), the findings for the vector of alphas is very similar to those based on equation 3.1.1 (left panel). None of the estimated country alphas is significant at conventional levels. An interesting observation is that the HML factor is univariate significant for almost all countries (except for Austria and the UK), while the momentum factor is generall y insignificant. For sector portfolios (table 4b), adding the non-market factors does not change the univariate interpretation of the alphas ; they are only significant for the basic materials and technology stocks. Again we observe that the HML factor exp lains some of the variance of the individual portfolio returns (except for cyclical consumer goods, cyclical services and telecom).
For size portfolios, the inclusion of the two additional factors has an ambiguous effect on the univariate significance of the alphas. When only the HML factor is included, next to the market portfolio, only the ? of S1 and some of the large-size portfolios are significant. When the LMOM factor is added, on the other hand, the pattern of significance observed in the results for the market model (left panel) is preserved (? is significant for the smallest size portfolios and S12).
Interestingly, the local momentum variable seems to explain more of the variance of size portfolio returns than for the other portfolio regroupings. Ho wever, one has to bear in mind that the univariate interpretation of the test statistics does not provide information about of the changes in the estimated variance-covariance matrix of residuals when factors are added. This shortcoming is remedied by using the multivariate test statistics described in 3.1.
The results of the exact factor pricing tests for the extended models are reported in table 6
(DEM) and table 7 (synthetic euro). Comparing table 6 with table 5 , it is clear that the inclusion of extra factors based on BTM and momentum does not improve the explanation of the returns of country portfolios over the full sample period. The p -values for the estimation of the two and three-factor models for the country portfolio returns expressed in DEM range from 0.08 to 0.51 (left panels A, B and C of table 6) compared to 0.47 for the one-factor model (left panel A of (table 7 versus panel B of table 5 ). Moreover, the confidence interval for the estimated country alphas increases to [-40, 40 ] basis points. These findings indicate that the addition of extra factors does not improve the pricing of co untry portfolios based on a simple one-factor market model. These results hold for the three subperiods covering varying interest rate regimes.
The picture is partially different for the sector and size portfolios. For the entire period 1979-1998 and returns expressed in DEM as well as in Euro, the two and three-factor models which include the book-to -market factor can be rejected based on the p-values. In most cases, the noncentrality parameter ? does not move closer to zero, indicating the absence of ex act factor pricing. The only exception is the case of the two-factor specification for sector portfolios in Euro including the momentum effect, where the augmented model cannot be rejected at conventional levels (p-value 0.12). However, the explanation of the cross-sectional returns of the sector and size portfolios varies across the different interest rate regimes. Table 6 shows that the p-values for the multifactor models applied to the sector portfolios over the three subperiods are on average higher than the corresponding p-values in panel A of table 5. The most pronounced effect is the two-factor sector model with momentum as the additional factor, which yields a pvalue of 0.25 compared with 0.08 for the single-factor model. For the sector portfolios, the two and three-factor models which contain the book-to-market variable add little or no value to the single-factor model. In the subperiod 1998-1992, the two-factor model including the book-tomarket factor can even be rejected at better than the 5% level. In the subperiods of both stable and decreasing interest rates, the multifactor models for the sector returns cannot be rejected.
The results based on the synthetic Euro specification confirm the DEM findings. For the size portfolios, the performance of the multifactor models is reasonable in the period [1983] [1984] [1985] [1986] [1987] (stable interest rates), with p-values in table 6 being consistently higher than in table 5 for the single-factor model. However, the augmented models perform badly in the subperiod of declining interest rates (1994) (1995) (1996) (1997) (1998) , since all models can be rejected at the 10% level. Hence, our empirical exercise reveals that looking at the univariate test statistics does not always yield sufficient information to assess the degree of misspecification of the model in a cross-sectional framework. For example, for sector portfolios, the HML factor seems to provide additional explanatory power for the return series (based on univariate t-statistics and R² in table 4b), but it turns out to be the local momentum factor which reduces the level of cross-sectional misspecification.
[ Table 6 and 7]
Based on the reported findings, we conclude that the returns on European country portfolios are fairly accurately described by their sensitivity to a broad market portfolio. Additional factors add little or no value. A somewhat surprising indication is that the widely used BTM factor does not seem to improve the exact factor pricing of the return structure of European portfolios in general. The inclusion of additional MMV factors causes an upward shift in the p-values away from rejection only in some cases for sector or size portfolios. Moreover, we find that the momentum factor seems to be more important for exact factor pricing in general than the bookto -market factor, which is usually found to add explanatory power based on the univariate tests.
The results do not allow us to conclude that the pricing dynamics of European stock portfolios systematically differs across the different short-term interest rate regimes. However, the finding that in the overall period the null hypothesis of an overall zero alpha vector can be strongly rejected for some specifications, while that is not the case in various subperiods, could indicate that the factor loadings and the pricing dynamics shift over time. Under this interpretation, factor loadings or risk premia could be time-varying. We proceed with an analysis of the power of the reported tests.
The power of the exact factor pricing tests
In testing the correct specification of a model, the test can be very dependent on assumptions and data. That is why, next to the test itself, it is important to carefully consider the alternative hypothesis in order to evaluate the power of the test. MacKinlay (1987) provides an overview of some of the relevant issues associated with the specifiction of the alternative hypothesis. As previously mentioned, the regrouping of individual stocks into portfolios could alleviate potential estimation errors and may be necessary in some cases to lower the number of parameters to be estimated. Affleck-Graves and McDonald (1990) argue that the disaggregation of the portfolios into individual assets adds little to the efficiency of the test. However, they note that a lot of the characteristics of the individual assets are lost when regrouping and possible deviations from the null could be left unnoticed. Their first argument conflicts with the GRS (1989) finding that a low ratio of N/T yields little power. In addition to the finding that the number of assets or portfolios is not very important, MacKinlay finds evidence that the power increases with the length of the time period used to perform the test (MacKinlay, 1987) . The reason is that, at a given significance level, the accuracy of the estimation of the residual covariance matrix increases. Moreover, Affleck-Graves and McDonald (1990) argue that the power of a diagonal statistic (i.e., under the assumption that the residual covariance matrix is diagonal) is higher than a multivariate statistic.
A risk -based evaluation
These are, among others, important considerations when testing the exact factor pricing of a given theoretical model. One possible alternative hypothesis we consider is that the market portfolio is unobservable or incorrect (see Roll, 1977) . In most of the asset pricing literature an equally weighted or market-capitalization weighted sum of returns of all shares is used as the market proxy. However, Jagannathan and Wang (1996) argue that stocks are only a minor, although growing, part of the national wealth and, hence, stock index returns would only proxy for total wealth if the correlation with the total wealth portfolio were perfect. Consequently, in a first test of the power of exact factor pricing, we use a different specification for the market proxy as the alternative hypothesis. We refer to this test as a risk-based test. Although we do not add an additional factor to the model, we use a time-varying linear combination of different wealth components to assess the power. In other words, we use a different specification of the market risk factor. Assuming that total wealth is not perfectly correlated with the global market portfolio of stocks, we calculate a weighted return portfolio which is intended to be a better proxy for the true wealth portfolio. The constructed portfolio contains both capital income and labor income. For each of the countries in the sample the percentages of labor and capital income in total income are calculated from the national accounts data in order to construct the average yearly weights for both types of wealth. The weight of capital income varies from 31.9% in 1979 to 37.9% in 1998. We further divide the capital income portfolio in two components, 75% is assumed to be related to stock dividends and 25% consists of real estate returns calculated from the Datastream real estate price index for the European Union. The labor income portfolio is specified as in Jagannathan and Wang (1996) .
A non-risk-based evaluation
The distribution of the non-risk-based alternatives is specified by the elements of 3.1. We use the variance-covariance matrix from equations 1 to 4 as well as the squared Sharpe ratios from equation 1 to 4. Several other studies (as mentioned in Campbell et al., 1997) assume the latter to be zero. In the case of multifactor models we find it more appropriate to use the estimated value of ? ' k ? k -1 ? k . In the non-risk-based test we specify values for the intercepts. The assumption that the vector ? is normally distributed remains. We take the value for the standard deviation to be 0.002 which seems a reasonable number for European data. A value of 20 basis points is higher than the 10 basis points suggested by Campbell et al. (1997) but they acknowledge that their assumption is somewhat conservative. Moreover, 95% of the deviations will be situated between -.004 and +.004 which is close to the estimated values reported in table 4. For each evaluation of the power under the assumption of a non-risk-based alternative, we randomly draw 100 vectors of N alphas from the specified distribution and use the mean of the power under the non-central F-distributions as the power for this test. The mean and standard deviation of the estimated noncentrality parameters are also reported.
The results
In table 8, the power of the tests for the various pricing models applied to country portfolios is presented. For the whole sample period 1979-1998, the power of the test is relatively high both for the risk-based and the non-risk-based alternative hypotheses, ranging from approximately 40% (the risk-based alternative in DEM) to more than 80% (the risk-based alternative for the Euro sample). Overall, the conclusions of the power evaluation are comparable for the two currencies, especially for the non-risk-based analysis. In the subperiods, the power of the multivariate test varies across the different interest rate regimes. The risk-based alternative (probabilities between 0.261 and 0.701) turns out to yield more power than the non-risk-based alternatives (from 0.161 to 0.811). Overall, the power of the tests seems reasonable and indicates that accepting the null hypothesis of exact factor pricing for country portfolios is plausible in most cases.
[ Table 8] For size and sector portfolios, the story is somewhat different. The power of rejecting the null, given the alternative hypothesis is relatively high. The p-values for the entire period are above 90% for both portfolio groupings and for the different factor models and are even close to 1 for the risk-bas ed alternative for size portfolios. Overall, the number of factors in the model does not seem to have much influence on the power of the test in a given period. Somewhat lower power (p -values from +/-0.350) is found for multivariate tests with sector portfolios in the subperiods, while this is not the case for size portfolios. The high power of the tests for size portfolios indicates that the rejection of exact factor pricing of size portfolios is fairly robust. At the same time, the non-rejection of exact factor pricing in specific subperiods for the corresponding portfolio types raises the question what factors cause these differences. It is very well possible that the assumption of constant loadings and risk premia is weaker for these types of portfolios than for country portfolios, which are geometrically closer to the global market portfolio. This again illustrates that the portfolios which are close to the market portfolio (here country portfolios) are generally found to be fairly priced in terms of squared Sharpe ratios, but it is often more difficult to distinguish them from the alternative hypothesis.
[ Table 9 and 10]
Overall these results indicate that the multivariate tests possess a relatively high degree of power. 
Conclusions
This paper attempts to evaluate the exact factor pricing proporties of single-factor and multifactor asset pricing models for a large European sample of stocks in a multi variate setting.
The analysis is explicitly designed to avoid to a maximum degree the possibly disturbing influences of data snooping, survival bias and model misspecification. The data set is hitherto unexplored. Particular attention is devoted to the tes ting framework, the specification of the alternative hypothesis and the power of the tests. For country portfolios, the results indicate that the cross-section of returns is accurately described by the one-factor market model. Sector and size portfolios seem to be priced by more than one factor. The results of this paper indicate that the factor portfolio based on the momentum effect performs better as an additional risk factor for European stock data than the factor portfolio based on the book-to-market effect.. Since the results are similar for the specifications in DEM and in synthetic Euro, European investors can rely on previous insights to guide their investment decisions in the Eurozone.
The ability of the pre-specified risk factors to price stock portfolios varies across different interest rate regimes. For some portfolio types, the cross-section of returns is well described in a stable interest rate environment, while the same model does not yield an accurate pricing in other subperiods. This could indicate that risk premia may be time-varying for some types of portfolios (e.g., here size portfolios) and much less for others (here, country portfolios). This finding also stresses the need to use a sufficiently long time period to investigate the prici ng performance of various models. In this paper the results based on the full 20-year period exhibit the highest degree of stability. Power evaluations are important in the assessment of exact factor pricing.
Previous research has generally shown weaker power for the risk-based alternative. In this paper, a different specification of the market portfolio, including both labor income and capital income, was found to be a good alternative. The non-risk-based alternative hypothesis produces somewhat weaker pow er. Size portfolios S1 = small size, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12, S13= large size APPENDIX 3 The GRS test
From a general factor model: With i = the number of factors in the model. If a portfolio is mean-variance efficient, the following first-order condition must hold:
From this follows a null hypothesis that contains the parameter restriction:
Where ? is the cross-sectional vector of intercepts for N portfolios or assets. Table 1 .
Relative weights in the country, sector and size portfolios
The weights for the three types of portfolios are calculated as the percentage of capitalization represented by the portfolio relative to the total sampe capitalization. Weights are reported at three different time periods : the first year of the sample (December 1979) , at the middle of the sample (December 1988) and at the end of the sample (December 1998 All average returns and standard deviations are reported in % for the country, sector and size portfolios. The standard deviations are the numbers in italic below the returns. All numbers are calculated for market -capitalization (MCAP) and equally (EW) weighted portfolios. The values are reported for the synthetic Euro (EURO) and the Deutschmark (DEM) as the currency of denomination. Average returns and standard deviations of the factor portfolios are presented in % in panel A. All factor portfolio statistics are reported in synthetic Euro (EURO) and Deutschmark (DEM). The global market portfolio is a market -capitalization weighted average of all available stocks. The equity premium is the difference between the average return on the global market portfolio and the risk-free rate. HML is the factor portfolio based on the return differential between the high book-to-market multifactor minimum variance portfolio and the low book-to-market MMV portfolio. LMOM is the factor portfolio based on the return differential between the local losers MMV portfolio and the local winners MMV portfolio. Panel B reports the correlations between the factors for the two currencies of denomination. The R² and the factor loadings are reported for the 4 estimated pricing equations in DEM. The t-values of the factor loading are in parentheses. The left panel shows the results for the one-factor model, the second panel reports the estimation results for the two-factor model including the high minus low BTM factor, the third panel shows the results for two-factor model including the local momentum factor, the last panel shows the three-factor model. ? is the estimated constant, ? is the factor loading on the excess return of the global market portfolio, ? is the factor loading on the HML factor and ? is the factor loading on the local momentum factor. The R² and the factor loadings are reported for the 4 estimated pricing equations in DEM. The t-values of the factor loading are in parentheses. The left panel shows the results for the one-factor model, the second panel reports the estimation results for the two-factor model including the high minus low BTM factor, the third panel shows the results for two-factor model including the local momentum factor. The last panel shows the three-factor model. ? is the estimated constant, ? is the factor loading on the excess return of the global market portfolio, ? is the factor loading on the HML factor and ? is the factor loading on the local momentum factor. The R² and the factor loadings are reported for the 4 estimated pricing equations in DEM. The t-values of the factor loading are in parentheses. The left panel shows the results for the one-factor model, the second panel reports the estimation results for the two-factor model including the high minus low BTM factor, the third panel shows the results for two-factor model including the local momentum factor. The last panel shows the three-factor model. ? is the estimated constant, ? is the factor loading on the excess return of the global market portfolio, ? is the factor loading on the HML factor and ? is the factor loading on the local momentum factor. N  12  14  13  12  14  13  12  14  13  12  14  13  T  240  240  240  60  60  60  60  60  60  60  60  60   32   Table 6 . Test results for the multivariate GRS test of exact factor pricing using the DEM as the currency of denomination.
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Panel
For the four different time periods the test values are reported for three multifactor models. The first period is the full sample period, from January 1979 until December 1998. The second period is a period of stable interest rates, from January 1983 until December 1987. The third period is a period of rising interest rates, from January 1988 until December 1992. The last period is a period of declining interest rates, from January 1994 until December 1998. ? is the estimated non-centrality parameter from the multifactor models. The F-statistic (F-stat) is the GRS statistic (equation 3.1) and the p-value is the associated probability of the F-test. N is the number of portfolios in the study and T is the number of observations in the time series. N  12  14  13  12  14  13  12  14  13  12  14  13  T  240  240  240  60  60  60  60  60  60  60  60  60 Table 7 . Test results for the multivariate GRS test of exact factor pricing using a synthetic Euro as the currency of denomination.
For the four time periods the test values are reported for three multifactor models. The first period is the full sample period, from January 1979 until December 1998. The second period is a period of stable interest rates, from January 1983 until December 1987. The third period is a period of rising interest rates, from January 1988 until December 1992. The last period is a period of declining interest rates, from January 1994 until December 1998. ? is the estimated non-centrality parameter from the multifactor models. The F-statistic (F-stat) is the GRS statistic (equation 3.1) and the p-value is the associated probability of the F-test. N is the number of portfolios in the study and T is the number of observations in the time series. N  12  14  13  12  14  13  12  14  13  12  14  13  T  240  240  240  60  60  60  60  60  60  60  60  60 Table 8 . Power statistics for a risk-based and a non-risk-based alternative hypothesis for the multivariate exact factor pricing test for country portfolios
For the four time periods, the power statistics are given for all tested models. For the risk-based alternative, the non-centrality parameter ? is reported as well as the power of the test that the specified null hypothesis is accepted given the alternative. For the non-risk-based alternative, the mean non-centrality parameter ? is given for hundred simulations of the alpha vector from the normal distribution with mean zero and deviation .002. The standard deviation of the non-centrality parameters is std ?. ? 1 and ? 2 are the degrees of freedom of the F-test under the null hypothesis. M-F is the excess return on the global market portfolio, HML is the difference in return between the high book-to-market portfolio and the low book-to-market portfolio. LMOM is the difference in return between the portfolio of loser stocks and the portfolio of winner stocks. Table 9 . Power statistics for a risk-based and a non-risk-based alternative hypothesis for the multivariate exact factor pricing test for sector portfolios
Country portfolios
For the four time periods, the power statistics are given for all tested models. For the risk-based alternative, the non-centrality parameter ? is reported as well as the power of the test that the specified null hypothesis is accepted given the alternative. For the non-risk-based alternative, the mean non-centrality parameter ? is given for hundred simulations of the alpha vector from the normal distribution with mean zero and deviation .002. The standard deviation of the non-centrality parameters is std ?. ? 1 and ? 2 are the degrees of freedom of the F-test under the null hypothesis. M-F is the excess return on the global market portfolio, HML is the difference in return between the high book-to-market portfolio and the low book-to-market portfolio. LMOM is the difference in return between the portfolio of loser stocks and the portfolio of winner stocks. For the four time periods, the power statistics are given for all tested models. For the risk-based alternative, the non-centrality parameter ? is reported as well as the power of the test that the specified null hypothesis is accepted given the alternative. For the non-risk-based alternative, the mean non-centrality parameter ? is given for hundred simulations of the alpha vector from the normal distribution with mean zero and deviation .002. The standard deviation of the non-centrality parameters is std ?. ? 1 and ? 2 are the degrees of freedom of the F-test under the null hypothesis. M-F is the excess return on the global market portfolio, HML is the difference in return between the high book-to-market portfolio and the low book-to-market portfolio. LMOM is the difference in return between the portfolio of loser stocks and the portfolio of winner stocks. 
Sector portfolios
Size portfolios
